Underwater noise pollution from ships is a chronic, global stressor impacting a wide range of marine species. Ambient ocean noise levels nearly doubled each decade from 1963-2007 in low-frequency bands attributed to shipping, inspiring a pledge from the International Maritime Organization to reduce ship noise and a call from the International Whaling Commission for member nations to halve ship noise within a decade. Our analysis of data from 1,582 ships reveals that half of the total power radiated by a modern fleet comes from just 15% of the ships, namely those with source levels above 179 dB re 1 μPa @ 1 m. We present a range of management options for reducing ship noise efficiently, including incentive-based programs, without necessarily regulating the entire fleet. Underwater noise pollution from ships is a chronic, global stressor impacting a wide range of marine species. call from the International Whaling Commission for member nations to halve ship noise within a decade.
primarily from cavitation at the propeller, but also from shipboard machinery noise transmitted through the hull)? To understand what would be necessary, we considered the quantitative noise reduction target 45 reaffirmed in the summer of 2016 by the IWC's Scientific Committee, namely reducing the contributions of 46 shipping to ocean ambient noise in the 10-300 Hz frequency band by 3 dB (halving the total radiated power) within 10 years, and by 10 dB within 30 years (IWC Scientific Committee, 2016). We explored various 48 mechanisms to attain this -3 dB/decade target, including reducing the number, acoustic source level, or 49 speed of ships.
50

Methods
51
We assessed four distinct management options by using an R script (see supplemental information) to analyze 52 2,800 source level measurements of 1,582 unique, isolated ships recorded as they transited northbound in 53 Haro Strait, a shipping channel within the Salish Sea (Veirs et al., 2016). For ships in the data set with 54 multiple transits we averaged the source spectrum levels (power spectral density) over all available transits.
55
To assess the relative noise contributions of different ships in our sample of the local fleet (the population 56 of 1,582 ships in 12 ship classes northbound in Haro Strait), we integrated the source spectrum levels for 57 each unique ship to acquire the total power (watts) radiated by each ship in a frequency band relevant to 58 SRKWs (10-40,000 Hz). This band is wider than the 10-300 Hz band stipulated in the noise reduction target 59 endorsed by the IWC. We chose to broaden the band because ship noise at ranges less than˜3 km extends 60 beyond 300 Hz to frequencies where SRKW hearing is most sensitive (Veirs et al., 2016).
61
After integration, we sorted the total radiated power levels for all ships, ranking them from lowest to highest.
62
Then we summed the power from all ships, yielding the cumulative total radiated power -a distribution 63 we used to assess quantitatively a range of management options that would accomplish a 3 dB reduction in 64 the total noise radiated by this population of ships. Finally, we converted individual ship source levels from 65 watts to dB re 1̀Pa @ 1m. (Note, however, that we abbreviate the resulting broadband (10-40,000 Hz) 66 source levels as "dB" in this paper for brevity.) (ships with the highest source levels of the fleet); and reduction of gross polluter source levels to a threshold 69 that achieves the desired halving of power overall. For the first option, we removed the loudest ship from 70 the population and re-calculated the total radiated power of the remaining fleet. If the initial total power
71
was not yet halved, then we repeated the process. For the second option, we also calculated the reduction 72 threshold iteratively. We lowered the source level of the loudest ship to the level of the next-loudest ship in 73 each iteration until the total power radiated by the fleet was halved.
74
To help managers more deeply understand the practical implications of these two management options, we 75 tabulated the number of ships affected (Table 1) . To allow easy extrapolation to the global fleet or other 76 regional subpopulations of it, we also tabulated the number of affected ships as a percentage of both our 77 population and, where applicable, the total number of ships in each class.
78
The third noise management option was motivated by the observation that for many ships a 1 knot reduction 79 in speed leads to 1 dB reduction in broadband underwater source level (Veirs et al., 2016). We found the 80 speed limit needed to achieve the 3 dB reduction iteratively by: reducing the speed of each loudest ship 81 to the selected speed limit; making a proportional reduction in the source levels (assuming the -1dB/knot 82 relationship applied to all ships); re-integrating the new source level distribution; and checking to see if the 83 reduced total power equaled half of the initial total power.
84
The fourth management option was requiring a 3 dB reduction of every ship in the fleet. Assessing this 85 option required no new computation. From a policy perspective, the most important aspect of the source level distribution is that half the total speed distribution is 14.1 ± 3.9 knots for the ship population and 19 ± 2 knots for the fastest class, container ships (Veirs et al., 2016). While the compliance burden would fall more broadly across the fleet than with the 120 removal or reduction options (Figure 2) , faster-moving ships would be required to reduce speed more than 121 other ships, and slow-moving classes would be unaffected. If a uniform speed limit of 11.8 knots conflicts 122 with the "bare steerage" speed required for safe navigation of ships in a particular class, the 3 dB reduction 123 could also be achieved by having all ships in the fleet decrease their speed by 3 knots (Figure 2 ).
124
Any noise reduction achieved by decreasing ship speed will increase the time that species are exposed to the 
